INTRODUCTION
Already in the 18th century, factories began to emerge, employing many people. Before that, people mostly made products in homes using hand tools or simple machines, not knowing the technologies that would make it easier for them to work (Eden, 2018) . The First Industrial Revolution as the most important development in human history has been shaping the world together with following revolutions and technological changes (Stearns, 2012) . Basic principles of industrial revolutions were tight to new inventions, technologies such as machines and new production systems. However, the critical question arising with new technologies during Second or Third Industrial Revolution was how will the organization change and what will be the impacts of such change. Similarly, to the times of previous revolutions, these questions arise regarding the current, Forth Industrial Revolution (Tortorella & Fettermann, 2017) . While literature on this topic is largely focused on technology adaptation, increase in productivity, efficiency, supply chains or process design (Agostini & Filippini, 2019) , we see a missing perspective on the possible links among industrial revolutions and thus specific predictions of development regarding organizational practice and management. This topic is important due to the fact that each of the industrial revolutions has created new environments that owners and directors of companies had to handle. Thus, it is possible to see development of management theory as the reaction on the problems of new systems in new environments (e.g. (Fayol, 1916; Taylor, 1911) . This paper aims to examine the specifics of previous industrial revolutions and identify common characteristics and developments. The paper complements the theory by identifying links and common developments in the history of revolutions and thus complements the current discussion on the forthcoming industrial revolution by introducing possible lessons, which may be the focus of future research.
LITERATURE REVIEW
The First Industrial Revolution, dated from the 18th to the 19th century, started in Britain. Industrialization has been widespread especially in western countries, but has spread beyond the West in the second phase of the revolution. Industrialization meant a transition to powered, special machines, factories and mass production. The development of steam engine, iron and textile industry also played a major role. The new machines were expensive and even owners of small factories had to have the capital to continue operating the company. They accumulated capital through partnerships (Papula & Papulova, 2014) , loans from banks or joint stock companies. With the growth of production, investments had to be made as well to sustain the growth (Mathias, 2001) . Relatively small businesses prevailed in this period. Small shops have replaced the traveling peddlers. Industrialization has brought increased volume and variety of products, improved living standards. On the other hand, it has led to grim working and living conditions for the poor and working classes. Unskilled workers did not have the job security and it was easy to replace them with qualified workers. During the First Industrial Revolution, the working hours were very long and the workers did not have much free time (Stearns, 2012) . First Industrial Revolution was further characterized by regional diversities, which led to differences in expansion of industries in regions together with differences in wages (Deane, 2000) .
The period of the Second Industrial Revolution is defined by the years from 1870 to 1914 (Mokyr & Strotz, 2000) . It was characteristic for capital-intensive production, productivity and living standards and formation of large corporate hierarchies (Jensen, 1993) . In particular, the major innovations were affected by communication and transport, which allowed goods to be transported from the US to the Atlantic and vice versa (Chandler, 1990) . The transport revolution has opened up new markets for agriculture, industry, and banking. The factories were not new to the Second Industrial Revolution, but technology, material and management in factories were innovated. Organizational changes in the Second Industrial Revolution were based on more expensive technology equipment, the economy allowed businesses to increase production, and technological change caused larger businesses to employ thousands of workers. It was a period of extremes, which led for a while to overcapacity and partial recessions. Within this period, markets were sustained by mergers and acquisitions in 1890s, which allowed the marginal facilities to be closed (Lamoreuax, 1985) . In this era, those who built societies lived in wealth, while most of their employees earned pennies and lived in poverty. There has been an economic uncertainty that has taken millions of people to work or cut wages. Low-skilled workers in the industry did not have safe working conditions, worked for long hours at low wages, and had no pensions (Perkin, 1996) . Production was increasingly carried out by the machines themselves, with unskilled workers pulling the lever or turning the valve. However, skilled workers received high wages and oversaw production processes. The economy in the Second Industrial Revolution required technical skills rather than workshop ownership. Stearns (2012) considered the Third Industrial Revolution (TIR) as the most dramatic, which began to form in the 1960s. This revolution was characteristic for technological innovation of electronics and IT for automation and production. Communication accelerated, business contacts moved to new levels. This revolution has created thousands of businesses and millions of jobs, laying the foundation for globalization in the 21st century. Businesses had to invest in new technologies to succeed in the labor market. The transition to the Third Industrial Revolution also required a massive retraining of staff at a professional level. The new workforce in new technologies has had to be technology-qualified and hundreds of other technical fields. Entrepreneurs and managers also had to go through training to use new business models, strategies to know the logistics and supply chains. The skill level of a manager in a TIR was qualitatively differentiated from that of a manager in a Second Industrial Revolution (Rifkin, 2012) . All industrial revolutions had some features in common. Revolutions have seen massive technological and organizational changes, redefining the function of the family, changing the nature of work and leisure (Stearns, 2012 ).
Organizational changes between industrial revolutions
According to Kuznets (1973) , major changes through revolutions include shifts away from agriculture, first to industry, later to services. Within these changes, the effects were in the scale of production and inclusion of human capital. Quatraro (2012) sees the change as a continuous ongoing process, which may be differentiated geographically or in different industries. Structural changes as the outcome depend on the industrial times in which we are. They run around the world and begin in more developed countries, and are initiated by technology. First Industrial Revolution introduced new machines that could be used mostly only for large companies due to their high fixed costs and knowledge needed for operation. It created the need for higher level of competence, which led to the division of labor (Kapás, 2008) . These changes led to the creation of organization of work. Chandler (1977) . HR has also been transformed over the years. Until the 1990s, HR was still unstable. This discipline was called Personnel and was based on administration and policy camp. In the 1990s, it was already transforming into a HR system. It was based on the PeopleSoft platform that removes work of employees from Personnel of administrative work (such as manager changes, compensation changes, and time off requests) through more efficient technology-based processes (Cook, 2014 ). In the 1950s, the Human Resources Information System (HRIS) was the first time introduced at General Electric (Bussler & Davis, 2002) . HRIS means human resource management through information technology. The system is used to acquire, store, manipulate, analyze, retrieve, and distribute information about human resources in organizations. The system was designed to reduce HR routine transaction and automate them (Shiri, 2012) . In 2014, the third wave of the HRIS system was created. Organizations have replaced cloud-based systems, leading to a self-service HR technology environment that required little or no IT investment. A generation of highly mobile employees has emerged and HR workers have started recruiting through LinkedIn and Facebook. Already in 1900, the idea of creating three educational skills -fostering aspiration, developing reflective conversation, and understanding complexity -was introduced. In the new era of Big data, it is not enough for HR professionals to have only soft skills. Support for HRIS systems is no longer sufficient and experts lack skills (Cook, 2014) .
After all, all the revolutions were accompanied by the transformation of the present state into a new, better state. Each revolution has begun with the impulse of technological development in one of the countries (Fuchs, 1968) . The technological progress has created a need for change in organizations (Papula & Volná, 2013 ) and the demands for workers have changed. The closer we get to the present, the technologies are more challenging and complicated, and the need for skills per worker increases. In large corporations, there has been a demand for more information, better administration, financial, accounting, R&D, planning, strategy, marketing and HR (Handel, 2012 ; Gažová, 2016).
METHODOLOGY
The aim of this article is to identify and summarize key common characteristics of previous industrial revolutions based on analysis of secondary data and literature review. 
RESULTS AND DISCUSSION
Individual secondary data were divided into 4 categories:
• organizational change and employment;
• organizational change and skills;
• organizational change and education; and • organizational change and technologies.
Organizational change and employment
From the historical perspective, pre-industrial economy was largely characterized by agricul- ture as the main sector (Brenner, 1976) . The typical pre-industrial worker had to be engaged in many activities, occupations or even industries. With the First Industrial Revolution, the worker became specialized, focused on partial activity in the whole process of conversion of raw material into final product (Deane, 2000) .
In 1850, the share of agriculture in total employment was almost 60% (Lund et al., 2017) . At the beginning of the twentieth century, 10 million US residents worked as farmers. By 2010, there were only about 1 million farmers who produced food.
As we can see from Figure 1 , technologies have removed agricultural positions from the labor market, but on the other hand, they have created jobs in the services sector, blue-collar and white-collar (blue-collar includes following positions: machine operators, manual labor, construction jobs, white-collar includes following positions: professional and technical, managerial, sales, clerical jobs, service includes following positions: food service, health care, personal service jobs) (NPR, 2015; Desjardins, 2016). In the early twentieth century, another major change followed -a shift from production to service. Since 1919, employment in the services sector has been higher than in the manufacturing sector. Employment in business services also increased as employment began to develop, such as computer and processing services, advertising, security services (Occupational Outlook Quartely, 2000). According to OECD statistics, the service sector share of jobs increased by 20% in US, 26% in UK or 29% in France. At the beginning of the twentieth century, efficiency assembly-lines were introduced in corporations to produce more products with fewer employees. This trend continued in the next stage of the 20th century (Occupational Outlook Quartely, 2000). Robots and computers have automated many jobs. As we can see in Figure 2 , in 1960, the factories in the US employed 11% of all employees and in 2013, the factories employed only 4% (of all employees). This is due to the introduction of new technologies -robots. In Figure 3 , we can see that in 1970, 5% of employees worked as secretaries, in 2013, it was only half. This can be justified by the fact that managers are equally productive without a secretary, because the computer software works instead of secretaries (NPR, 2015; Desjardins, 2016).
We can see changes in the profession of professors ( Figure 4 ) and health care workers ( Figure 5 ). The more automated the factory, the cheaper products were created. So Americans have more money for services -catering, health care and education (NPR, 2015; Desjardins, 2016). Since 1950, health care jobs have increased more than in any comparable industrial sector. This is mainly due to the growing aging population and new technology that has allowed people to cure themselves from diseases that were once fatal (Park, 2016) . Employment in We can see changes in the employment of engineers ( Figure 6 ) and blacksmiths ( Figure 7 ) (NPR, 2015). At the beginning of the 19th century, the engineering professions were represented only in small numbers. It is estimated that in 1816, there were no more than 30 engineers in the US. Only with the expanding manufacturing industry, between 1880 and 1920, the number of engineers increased by up to 2000% (from 7,000 to 136,000) (Braverman, 1974) . Since 1900 (0.2% in Figure 6 ), the demand for engineers has increased due to the introduction of new technologies (NPR, 2015). In the US in 1970, there were about 1.2 million technical engineers employed in the manufacturing industry, but also by transport communications, as independent consultants, government officials (Braverman, Since the late 1970s, companies have begun to invest in technology, research and development, knowledge workers. As a result, the demand for non-skilled workers decreased, it was about 3∕4 of the labor force. Demand for highly skilled workers has increased and their wages have increased too (McKinsey Global Institute, 2012). A survey of medium and large enterprises in 1996 found that 19% of job seekers who had passed the tests had a lack of math skills, reading skills. In 1998, this percentage increased to 36%. In 2000, jobseekers had a deficit of higher literacy and mathematical skills (Occupational Outlook Quartely, 2000).
Organizational change and skills
Wölfl (2005) explains that in the services sector, the number of highly qualified persons was higher than in the manufacturing sector in 2002. We can observe this phenomenon according to individual country basis in Figure 10 . The share of highly qualified jobs in total employment of services is between 15% and 40%. This is because high qualifications are needed especially in non-market services such as education, health care and social services. That in the services sector, the number of highly qualified people is higher than in the manufacturing sector.
Data from 1986 to 2006 presented in Figure 11 show that employment in 2006 has increased since 1986 in the high-skills and low-skills categories, and in the middle-skills category, the demand for jobs has fallen. For example, the number of financial managers has doubled from 406,000 to 1 million. Doctors and medical managers have quadrupled from 127,000 to 551,000. Sales and office work decreased from 28% to 25% (Holzer et al., 2007 ).
In 2005, the Skills Gap Survey was conducted by National Association of Manufacturers (2005). The survey shows that the American manufacturers experience shortage of qualified employees, especially technical skilled employees. Up to 90% American companies reported a serious lack of skilled workers (engineers and technicians), 65% of all respondents said there was a lack of scientists and engineers in the market. Figure 12 shows the level of qualification of workers in the 27 countries of the European Union + Norway and Switzerland. The level of low skills will not be as requested in the near future as the level of high skills. Employees with middle skills maintain their standard level and will continue to do so. The global economic crisis and the resulting high unemployment caused an excess of human resources with an adequate level of specific and transversal skills (skills that can be used in a wide variety of work settings) (UNESCO-IBE, 2013). The development of employee skills in times of crisis may be due to public sector subsidies to maintain employment (European Commission, 2011).
From Figure 13 we can say that the best jobs of the future will be those green (technical and social skills). Social skills are required in the professions, because developers program their computers to fulfill their role, but they are still not good at listening, empathy, communication and persuasion (Bersin, 2017) .
Some authors however pointed out that skilled society does not lead automatically to innovation, rather that the innovation creates the need for skills that create the ground for utilizing and multiplication of innovation (McCloskey, 2011; Howes, 2016). 
Organizational change and education
Industrial revolution and the beginning of standardization ignited education. While many people were moving to the industrial cities, it created environment for first standardized methods of education, increasing the quality of education that was widespread compared to previous privileged system (Katz, 1987) . Due to the upsurge of industry, many industrial schools were established to train necessary skills and knowledge for workers. The need for education arised as well from the shift from agricultural setting of work to non-agricultural. Second Industrial Revolution led to Germany overtake Britain as the most industrialized country. Education thus became critical for industrial Germany. The schools were able to produce many inventors and engineers (Hendrson, 2006) . From 1890 to 1900, technical universities in Germany increased their student intake from 5,361 to 14,734 (Chatzis, 2009 ).
The data in Table 1 refer to the number of workers (in millions and %) who achieved education (less than high school, high school, college, BA or higher) in 1980-2020 in the US. In 2000, the percentage of BA or higher rose to 30 and the projection for 2020 is 33%. Between 1980 and 2000, the share of high school diploma people and less than high school diploma people dropped from 61% to 42% and in 2020, it should drop to 37%. The percentage of lower educated people decreases between 1980 and 2020 and percentage of higher educated people will increase in 2020. The forecasts also indicate a slowdown in skills growth. This slowdown may not reach such proportions if more workers decide to retire later and if more young people decide to attend college (Holzer et al., 2007 ).
In Table 2 , we can see very quick development in learning opportunities. Leaders recognize that their internal education programs are lagging behind. Between 1998 and 2002, e-learning was a trend that could be conducted online. Talent man- Requirements and systems are more demanding every year. In 2020, we will be trained by personalized and machine-driven systems (Bersin, 2017 ).
Organizational change and technologies
First Industrial Revolution, known also as British industrial revolution, was brought by acceleration of innovation. While economic outputs driven by innovation were mostly created at the end of the period of industrial revolution (1850s), many innovations had first appearances or first concepts even a century before (Howes, 2016) . Further, the pace of adaptation to new technologies, for example, steam engines, was affected by regional differences (Hudson, 1989).
In Figure 14 , we can observe the spread and acceptance of individual technologies, as they were adopted in US homes from 1903 to 2016. Robots as technological innovations are often discussed in the context of current era. However, the idea of robot was first introduced in 1920 by Karel Čapek (Čapek, 2004) , while first electronic autonomous robots where created in starting late 1940s, while, for example, General Motors have bought a robot for production already in 1961 (Climent, 2015) . Not only robots are presented as technological trend for future, but also artificial intelligence. Similarly, however, Edmund Berkeley publishes Giant Brains: Or Machines That Think in 1949 in which he describes characteristics of artificial intelligence in a form as it is being developed today (Berkeley, 1949) . Since then, many technologies using artificial intelligence were invented, however, not mass implementation was conducted.
It can be seen that the pace of innovation adaption by society has been increasing over time, however, the time before first concepts or partial inventions till the actual innovation and the demand for it on the market has remained much longer. 
CONCLUSION
Common feature of implementation in all industrial revolutions is the transition from centralization (steam engine, data processing center) to decentralization (electric motor, stand-alone computer, and work station). Some technologies were spreading very quickly due to the increasing demand, such as internet or smartphone, however, many technologies experienced stagnation due to the non-existent market for its utilization. Industrial revolutions were bound mainly to the phase of invention, which, however, did not directly affect the utilization of these inventions, this was rather slow. For example, the First Industrial Revolution took 120 years to spread across Europe (Schwab, 2017) . Nowadays, the boundaries for spreading are overcome by interconnections in the world and easier access to technologies, however, the utilization of most inventions is linked to other inventions that may support its dissemination.
The key finding of our retrospective study is the continuous increase in demand for service workers that occurred during previous industrial revolutions. Not only that, but the pace has been increasing and the proportion of services jobs to manufacturing has been increasing with multiples. Manufacturing jobs, such as machine operators, often occupied by low-to middle-skilled employees, did not disappear, while during the technological shifts, these positions were filled by reskilled or imported human capital.
On the other hand, many service jobs created were new and based on a need for wider knowledge.
Following on the previous finding, the second finding of the analysis of secondary data brings insight on the role of education during industrial revolution. Education played a major role regarding technological change, while demand for middle-skilled was decreasing and increasing for the high-skilled. Countries that were able to produce high-skilled people could not only invent, but also adapt to new technologies sooner than others. Education played a major role not only in the manufacturing jobs, but also in the service jobs, which is in line with results of Sugayama's (1992) study.
Our analysis has shown that the pace of changes and its impact is different for development and for implementation of innovations. In line with fundamentals of Chinese medicine, the development phase seems to be stimulated by insufficiency, while the surplus creates stagnation. Stagnation arises from the slow adaptation of management to changes compared to the pace of inventions. On the one hand, companies were able to quickly recognize the need for specific jobs regarding new technologies, which, however, produced employees with only specific skills that were not applicable to other technological shifts. In this context, revolutions were often seen in as a reason for de-skilling of population. While with respect to the longer periods of technological change in the previous times, it could be sufficient for organizations to have specifically skilled employees, it will be not applicable for the current pace of change and high competitiveness. While industrial revolutions have created more jobs over time, from the microeconomic perspective, some positions will still need to disappear, but it takes some time till technologies replace themselves and thus the jobs actually become redundant.
The final outcome of our analysis is the understanding that technologies are not the driver of economic growth, they are a tool that needs to be utilized by companies to create this growth. This was shown by the adaptation approaches of growing countries during industrial revolution regarding their policies for education or changes in managerial practices. Companies that have adopted new approaches in utilization of human capital were able to build on their competitiveness for a long time. While the managerial practice has been evolving from "economies of scale of people" into more personal approach, the previous revolutions have shown that with the new dramatic changes, the managerial practice needs to adopt as much as, for example, manufacturing processes. The further discussion on impacts of current industrial revolution should thus focus on the expected changes in managerial practices, especially with the large proportion of jobs created in services, where the traditional view of services as immune to foreign competition is no longer existent.
The purpose of this article was to return the retrospective view and opinions of past authors to the current discussion that can enrich and complement the research that is being conducted on the Fourth Industrial Revolution, which can help other authors interpret their research results. The contribution of this article is completing the ongoing scientific debate with this retrospective historical context.
